Objective: Coronary slow-flow phenomenon (CSFP) is described as protracted passage of angiographic contrast agent to the distal portion of the epicardial coronary arteries in the absence of stenosis. Few studies have addressed the effects of this condition on right ventricular (RV) dysfunction. The present objective was to assess RV function in CSFP via 2-dimensional speckle-tracking echocardiography (2DSTE).
C oronary slow-flow phenomenon (CSFP) is defined as the late filling of the distal part of the coronary artery in the presence of normal coronary artery disease. [1] CSFP is seen in about 1% of coronary angiographies, [2] and can present with acute coronary syndrome [3] and ventricular arrhythmia. [4] There have also been reports of QRS changes in patients with CSFP, [5, 6] who tend to require more hospital readmissions than normal coronary patients. [7] In this condition, there is endothelial function disorder, decrease in plasma nitric oxide level, [8] and rise in endothelin level. [9] In addition, inflammatory cytokines are involved in its pathogenesis. [10] Right ventricular (RV) myocardial biopsies reveal patchy fibrosis and myocardial hypertrophy. [11] The literature contains studies, albeit limited, on left ventricular (LV) function, evaluated via echocardiographic modalities, with divergent results. [12] [13] [14] Even less information is available regard-
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ing the right ventricle evaluated by echocardiography. [15] [16] [17] It should, therefore, come as no surprise that data concerning the effect of CSFP on RV myocardial function is very limited.
The aim of the present study was to evaluate RV function using 2-dimensional s p e c k l e -t r a c k i n g echocardiography (2DSTE) in patients with CSFP, and to compare it with that of a control group matched regarding age, sex, diabetes mellitus, and hypertension.
METHODS

Study population
A review of the angiography database, conducted between April 2011 and September 2014, showed that 28595 selective coronary angiographic procedures had been performed at our center. All selective coronary angiographies were performed due to presence of acute coronary syndrome, noninvasive tests suggestive of significant coronary artery disease, and high clinical probability of severe coronary artery disease. A total of 200 patients were identified as having CSFP with no coronary stenosis or <50% coronary stenosis. Coronary angiographic procedures showing CSFP were assessed to identify patients that would fulfill the present criterion: slow-flow pattern in all coronary arteries (see the coronary angiography subsection below for the definition).
From the same angiography database, a control group was selected. Participants had normal coronary arteries or coronary artery stenosis <50%, with normal coronary flow, identified within the same time period. Selected subjects were matched according to age (±5 years), sex, hypertension, and diabetes mellitus. Other inclusion criteria were normal sinus rhythm, LV ejection fraction >55%, tricuspid annular plane systolic excursion (TAPSE) >17 mm, and velocity of s' wave in the tricuspid lateral annulus acquired by pulsedwave tissue Doppler (RV Sm) >10 cm/s. Exclusion criteria consisted of pulmonary hypertension (estimated systolic pulmonary artery pressure >35 mmHg by echocardiography), coronary ectasia, dilated and hypertrophic cardiomyopathy, pericardial disease, congenital heart disease, any degree of valvular heart stenosis, more-than-mild valvular heart regurgitation, history of myocardial infarction, history of inflammatory disease, history of chemotherapy or mediastinal radiotherapy, liver or kidney disease, bundle branch block, pacemaker rhythm, history of cardiac surgery or percutaneous coronary intervention, hyperthyroidism, hypothyroidism, and low-quality echocardiographic images.
Those who qualified for the patient and control groups were asked to attend clinical visits and undergo echocardiography. A total of 29 patients elected to participate. Histories were obtained, and physical examinations and transthoracic echocardiography were performed between October and November 2014. Subjects newly diagnosed with hypertension or diabetes mellitus were excluded. All echocardiographic examinations were performed by the same echocardiologist, who was blinded to clinical and coronary angiographic data. Written informed consent was obtained from each subject, and the study was approved by the Cardiology Department Research Committee.
Coronary angiography
Selective coronary angiography was performed by femoral artery approach, using the Judkins technique with manual contrast injection. Diagnosis of CSFP was made in accordance with a study by Gibson et al. [18] Briefly, the time between manifestation of contrast agent in the proximal portion of the coronary artery, and its arrival into the distal part of the coronary artery was registered in a cineframe count. Distal bifurcation of the left anterior descending artery (LAD), left circumflex artery (LCX), and the first posterolateral branch of the right coronary artery (RCA) were defined as the distal section. Thrombolysis in myocardial infarction (TIMI) frame count for each coronary artery was obtained by subtracting the distal frame count from the first-appearance frame count. Corrected LAD TIMI frame count was calculated by dividing LAD TIMI frame count by 1.7. Cut-off points of the TIMI frame count for normal coronary flow, in accordance with a study Gibson et end of the s' wave and beginning of the e' wave, and the duration of the s' wave was defined as ejection time. These intervals were measured in the lateral annulus of the tricuspid valve. Myocardial performance index, defined as the ratio of isovolumic relaxation time plus isovolumic contraction time to ejection time, was calculated, as was the ratio of peak tricuspid E wave to peak e'wave.
Two-dimensional speckle-tracking echocardiography
Another commercial-setting, 2-4-MHz probe (EKO 7; Samsung Medison, Seoul, South Korea) was used to obtain images and analyze the longitudinal deformation of the RV by 2DSTE. Three consecutive cardiac cycles at end-expiration from apical 4-chamber view at 40-80 frames per second were stored in this setting. Longitudinal deformation analysis was performed on the stored images in the memory of this setting. The end of ventricular systole was automatically determined by software. Endocardial RV border tracings were manually performed at end-systole, and the epicardial borders were automatically defined. The free wall of the RV was automatically divided into 3 segments: basal, mid, and apical. Region of interest was manually adjusted. When at least 1 myocardial segment was visible in the RV free wall, but with poor image quality after several efforts, the patient was excluded from the study. Each RV free-wall segment was individually analyzed, and deformation indices were calculated by averaging values of the 3 segments. Level zero was considered the beginning of the QRS. RV strain curve included 1 negative predominant wave throughout the cardiac cycle, so the peak of this wave was measured as peak systolic strain (SS). The systolic strain rate (SRS) curve of the RV comprised 1 negative systolic wave and 2 positive waves in early (SRE) and late (SRA) diastole ( Figure 1 ).
Interobserver variability was calculated as coefficient variation. It was evaluated in 9 patients for the SS, SRS, SRE, and SRA of the RV, and was 8.8%, 8.1%, 7.2%, and 7.1% after 3 months, respectively. Intraobserver variability was calculated as coefficient variation. It was evaluated in 9 patients for the SS, SRS, SRE, and SRA of the RV, and was 3.6%, 5.3%, 5.1%, and 7.5% after 3 months, respectively.
Statistical analysis
Categorical variables were summarized as frequen-LAD: 21.1±1.5), 22.1±4.1 for the LCX, and 20.4±3 for the RCA.
Mean TIMI frame count for each subject was calculated by averaging values for the LAD, LCX, and RCA. In the present study, normal coronary flow was defined as values less than the mean, and CSFP was considered values more than 2 SDs above the mean of the reported values in any coronary artery. TIMI was evaluated by 2 cardiologists, and if there were discrepancies, a third cardiologist resolved the issue. In our hospital, selective coronary angiographic images are acquired at 15 frames per second, so frames counted were multiplied by 2 for adjustment.
Standard echocardiography
Transthoracic echocardiography was preformed for all participants in the left lateral decubitus position. A commercial-setting 2-4-MHz probe (Medical Systems S5; GE Healthcare, Little Chalfont, UK) was used to obtain and analyze standard echocardiography and pulsed-wave tissue Doppler imaging. LV internal diameters, LV wall thickness, diastolic RV diameter in the basal and mid cavities, diastolic longitudinal RV diameter, right atrial area, TAPSE, and RV fractional area change were measured according to the guidelines of the American Society of Echocardiography. [19] Tricuspid flow waves, including E and A waves and deceleration time of the E wave, were measured from apical 4-chamber view by pulsed-wave Doppler, in accordance with the guidelines of the American Society of Echocardiography. [20] Subsequently, the average of the peak velocity of these waves in 5 cardiac cycles was measured.
Tissue Doppler echocardiography
Tricuspid annular velocities were provided from apical 4-chamber view using pulsed-wave tissue Doppler imaging. Sample volume (2-4 mm) was placed on the lateral annulus of the tricuspid valve with maximal alignment to the RV free wall. Gain and filter were adjusted to minimize noise. A horizontal sweep rate of 50-100 mm/s and a velocity scale of -20 cm/s and 20 cm/s were chosen. One systolic positive wave (s') and 2 negative waves in early (e') were recorded. Mean peak velocity of these waves in 5 cardiac cycles was recorded. Isovolumic contraction time was defined as the time between the end of the a' wave and beginning of the s' wave. Isovolumic relaxation time was defined as the time between the cies and percentages. Continuous variables without normal distribution were reported as median and interquartile range boundaries. Continuous variables with normal distribution were reported as mean±SD. Kolmogorov-Smirnov test was used to evaluate the distribution of continuous variables. Continuous data were compared using unpaired t-test (if normally distributed) and Mann-Whitney U test (if not normally distributed). Chi-square test or Fisher's exact test were used to compare categorical variables, which were appropriated, and p values <0.05 were considered statistically significant. SPSS software (version 21.0; SPSS Inc., Chicago, IL, USA) was used for statistical analyses.
RESULTS
Presently recruited were 29 patients with CSFP and 29 participants with normal coronary flow. Baseline clinical characteristics, laboratory data, and angiographic profiles of the CSFP and control groups are summarized in Table 1 . In the CSFP group, 15 (52%) patients had normal electrocardiography, 10 (35%) had insignificant ST-T changes (ST depression <0.05 mm, flat T wave, or T wave inversion <1 mm), and 4 (13%) had significant ST-T changes (ST depression >0.05 mm or T wave inversion >1 mm). Both groups were similar in terms of clinical and lab data, with the exceptions of body mass index (30.8±4.6 vs 28.0±4.1, p=0.019) and high-density lipoprotein levels (36.9±8.1 vs 42.4±10.1, p=0.031). TIMI frame count was greater in the CSFP group than in the control group: corrected LAD (41. Table 2 presents standard echocardiographic data in the CSFP and normal groups. Baseline echocardiographic data were similar in both groups. Results of 2DSTE indices and tissue Doppler imaging data are summarized in Table 3 . There were no statistically significant differences between the 2 groups, regarding these indices.
DISCUSSION
In the present study, the RV function of the CSFP group was compared to that of the control group, which comprised individuals with normal coronary flow. The groups were matched for age, sex, hypertension, and diabetes mellitus in a 1:1 patient:control design. Analysis showed no statistically significant differences between the 2 groups regarding tricuspid pulsed-wave, RV tissue Doppler, and RV deformation indices.
Only a few studies have addressed RV function in patients with CSFP, and somewhat discrepant results have been reported. [15] [16] [17] While some studies have shown no differences between systolic and diastolic parameters, evaluated by tissue Doppler imaging, [16, 17] 1 showed that e' and E/e' ratio of the CSFP group were different from those of the control group. [15] In the only existing study in which RV function was evaluated with 2DSTE, Wang et al. 15 found out that SRE in CSFP patients was different from that of the control group, though no other statistically significant differences were found in other 2DSTE indices. The present findings are in agreement with certain findings of Wang and et al., as no detectable difference in RV systolic functions were found using tissue Doppler echocardiography and 2DSTE. However, the present findings regarding RV diastolic function diverge. In order to account for this discrepancy, it should be noted that unlike the study conducted by Wang et al., the present included a 1:1 patient:control matching design regarding age, sex, hypertension, and diabetes mellitus. Moreover, the RCA presently displayed a slow-flow pattern in all patients. Furthermore, it seems that patients with gross RV dysfunction (detected by TAPSE or RV Sm) were included in the investigation byWang et al., while these individuals were excluded from the present study.
Evaluation of LV function with tissue Doppler echocardiography and 2DSTE has been performed in a limited number of studies, with certain discrepancies. Some have demonstrated differences in systolic or diastolic function between CSFP and control groups, while others have reported none. [12] [13] [14] [15] It seems that available information on LV function in CSFP is still a matter of controversy.
2DSTE is a relatively new echocardiographic modality that allows for quantitative assessment of global and regional myocardial function. It is free from insonation angle dependency and cardiac translational motion. [21] [22] [23] [24] However, although this modality was initially used to analyze LV function, it is currently applicable to the evaluation of RV function in many Diabetes, n (%) 7 (24) 7 (24) Dyslipidemia, n (%) 13 (45) 13 (45) Smoking, n (%) 10 ( A recent study demonstrated that in patients with CSFP, nicorandil treatment raised nitric oxide levels, conditions such as RV myocardial infarction and coronary artery disease. [25] [26] [27] [28] in other LV segments. The authors concluded that the change in nitric oxide and endothelin levels may not be parallel to the change in function of all LV segments. While previous studies showed a drop in decreased endothelin levels, and increased mitral E/A ratio. [29] The results of that study also showed that while systolic longitudinal strain rate in some LV segments was increased, there was no change 
Study limitations
Small sample size and retrospective design were the primary present limitations. In addition, we used 2DSTE software, which was designed for the left ventricle.
plasma nitric oxide levels [8] and a rise in endothelin levels, [9] the present findings demonstrated no statistically significant differences in RV systolic and diastolic functions between the CSFP and control groups.
In one study, RV endomyocardial biopsies obtained from patients with CSFP showed diseased small coronary arteries, with hyperplasia of the fibromuscular layer, hypertrophy of the media layer, proliferation of the myointimal layer, degeneration of endothelial cells, and swelling of the endothelial cells of the capillaries, encroaching on the lumen. Hypertrophy of the myocardium, deposition of lipofuscin, and patchy fibrosis were also reported. [11] In spite of these pathological changes in the RV structure, systolic and diastolic dysfunction of the RV was not detected using various echocardiographic modalities in the majority of CSFP studies. It is possible that either these pathological changes result in subtle changes in RV myocardial function that are lower than the detection level of these modalities, or that these pathological changes are mechanically insignificant. These explanations become more comprehensible when viewed in light of the following facts. The mass of the right ventricle is less than that of the left. [30] In addition, the right ventricle contracts against a low-impedance, high-distensible, low-pressure pulmonary vascular bed. [31] Moreover, the right ventricle is more compliant than the left. [32] The extensive coronary collateral network, lower O 2 consumption, enhanced ability for O 2 extraction, [33] and right coronary perfusion in systole and diastole should also be taken into consideration. [34] Another salient point is the complex shape of the right ventricle. In the 2DSTE assessment of RV function, the right ventricle is evaluated in only 1 section: apical 4-chamber view. In addition, there is a high degree of variability in the longitudinal deformation indices of the right ventricle. As 3-dimensional echocardiography can provide better anatomical delineation of the RV, it is a current method in RV echocardiography. Nonetheless, it will be a long time before its widespread use in routine clinical work. It seems that a more comprehensive evaluation of the RV with other modalities, including 3-dimensional speckletracking echocardiography or tagged cardiac magnetic resonance imaging, may be able to detect subtle myocardial dysfunction.
